The flood vulnerability comprehensive evaluation 
Moreover, there are differences in the damage degree of different hazard-affected bodies for the same intensity flood, on the other hand, the damage degree of different intensity floods is different for the same hazard-affected body, so research on flood disaster must contain hazard-affected bodies including human beings [9] .
Pang X analyzes the changes of the affected population in urban flood and identifies the function relationship between the hazard (rainstorm) and disaster-bearing body (population), which is called vulnerability curve of population in flood disaster [10] . Zhao S et al constructed the vulnerability regress model between crop's flood-effected area and average daily rainfall in a storm [11] .
Taking the hazard-affected body as the object of study, flood vulnerability refers to the degree of loss for different hazard-affected bodies under certain social and economic conditions [9] . With the development of RS and GIS technique that are used to dig and fuse the multi-source data, multi-time phase data and multi-scale data, flood vulnerability research has been developed from concept analysis, concept connotation analysis and measurement index system to construct the vulnerability quantitative evaluation and the division mapping [7] .
The most important function of human activities on the terrestrial system is the change of land use and land cove r [12] . This paper studied the influence of land use/cover change on flood vulnerability by means of land use data in 1987, 1998 and 2008 that was extracted from three year remote sensing images in the Dongting Lake area. The Dongting Lake flood vulnerability comprehensive evaluation model was established taking land use types as hazard-affected body so as to evaluate the flood vulnerability of typical regions in Dongting Lake area .
Overview of study region and data source
Dongting Lake is situated in the north of Hunan
Province and the middle reaches of the Yangtze Rive, and is of 2625km 2 water area. It is the second freshwater lake in China. Dongting Lake area includes the water area and the surrounding alluvial plain and hilly area. It belong to the subtropical moist climate, hot and rainy in summer, cold and dry in winter.
Combination with literature and data of the remote sensing image, this paper selects the study region is the Dongting Lake area of Hunan Province which total area is 25761.66 km 2 ( remote sensing image interpretation data), including the most of county and towns in the Yueyang City, Yiyang City, Changde City( Figure 1 ).
Figure 1 Schematic diagram of study area
With the development of RS and GIS technique that are used to dig and fuse of multi-source data, multi-time phase data and multi-scale data, the mapping and dynamic change monitoring are more systematic, objective, rapid and accurate [13] . In this paper, the remote sensing data come from 4 views of flood risk and vulnerability of disaster bearing body [7] . And then get the economic and population vulnerability parameters of flood disaster in Dongting Lake area [16] . (Table 3 ) [17] . Table 3 shows that the direct economic losses caused by flood disaster increasing and the countryside is more prominent, the damage area first increased after decreased, but the disaster area is increasing, since the 90s of the 20th century.
In this paper, the vulnerability of disaster bearing body mainly includes two aspects: economic vulnerability and population vulnerability, and the loss value of flood disaster are based on them. Economic losses including economic losses of all kinds of land use types. Population losses including the damage population, the death toll, the missing population, the injured population, etc. The classification of disaster vulnerability in Dongting Lake area ( The population vulnerability parameters are measured by the disaster-affected population in different disaster bearing bodies (Table 13 ). 
Formula (1), T is vulnerability value, and 
Analysis of flood vulnerability in Nanxian County and Dingcheng District
Using the model to calculate the vulnerability values of 12 townships in Nanxian County ( Table 14 ) and 42 townships in Dingcheng District ( Table 15 ) . 
Result analysis
Analysis (Table 16 ).
Through the analysis of the vulnerability distribution rule in Dongting Lake area are as follows: 
